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Trade-offs in Matching Broadband LNA
Issues: 1.) ESD consumes Cin budget, 2.) power inefficient biasing.
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Distributed Amplification
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1.) Cbudget=N·Cin 2.) Gm,total=N·Gm small Gmlow fT
low Ibias
1.) each stage doesn’t contribute equal noise.
2.) area is large.
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Weighted Distributed Amplification 
(WDA)
• View the whole distributed amplifier as a finite-impulse-response 
system for different noise sources. 
• Design problem: find the best weights for a given DC bias.
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Transistor Noise inside WDA
• Modified noise model of FET uses three uncorrelated noise 
sources to fit Van der Ziel’s FET noise model. 
• An alternative way to analyze complex noisy network. 
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Noise Process inside WDA
• Noise Sources:
• Common-source transistors.
• Input and output termination resistors.  
• Cascode transistors.
• Loss resistors in the passive LC-ladders. 
• Second-order Effects:
• Voltage peaking of the LC-ladder.  
• Frequency dependent group delay.
• Frequency dependent intrinsic impedance change.
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Power-Constraint Noise Optimization
• Optimization goal: Worst-case noise figure from 3-10.6 GHz.
• An optimized WDA has better noise figure performance 
compared to a regular DA. 
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Schematics
• ESD diodes can be placed at smaller gain stages.
RF 
IN
RF 
OUT
Vbg1
Gm1 Gm2 Gm3 Gm4 Gm5
Vbg2
Ri
Ro
Li,1 Li,2 Li,3 Li,4 Li,5 Li,6
Lo,1 Lo,2 Lo,3 Lo,4 Lo,5 Lo,6
Mi,1 Mi,2 Mi,3 Mi,4 Mi,5
Mo,1 Mo,2 Mo,3 Mo,4 Mo,5
 Gm1 Gm2 Gm3 Gm4 Gm5 
M1, M2 
(um) 
184/0.13 156/0.13 96/0.13 136/0.13 160/0.13 
LB (pH) 180 210 370 240 210 
Cext,in (fF) 0 55 170 95 45 
Cext,out(fF) 150 180 250 205 175 
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Coupled LC-Ladders
• High frequency phase difference between adjacent inductors are 
canceled to the first order. 
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(a) Non-alternating inductor layout (M<0)
(b) Alternating inductor layout (M>0)
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Die Micrograph
• Based on 130nm CMOS 1P7M process.
• Zoomed-in view of alternating LC-ladder layout.
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S-Parameter Measurements
• Wirebonds to DC and digital pads, RF probing.
• Measured at 26mW.
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Noise Figure, IIP3 and P1dB
• Measured at 26mW.
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Worst Case S-parameters vs. Power
• Worst-case performance from 1-10.6 GHz.
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NF Range vs. Power
• Worst-case NF performance across different frequency ranges.
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Performance Summary
• TSMC 130nm CMOS 1P7M process.
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Conclusions
• Weighted distributed amplification concept can be used to 
improve noise performance of a distributed amplifier at the 
same power consumption.
• ESD protection can be integrated with WDA without degrading 
the WDA’s noise performance.
• Alternating coupled LC-ladder reduces layout area of a regular 
LC-ladder.
• A test IC was implemented in TSMC 130nm CMOS 1P7M 
process and was measured to verify the design concepts.
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